Fluorescence studies of the secondary structure and orientation of a model ion channel peptide in phospholipid vesicles.
A 21-residue peptide of the sequence (LSSLLSL)3 forms ion channels when incorporated into planar lipid bilayer membranes of diphytanoylphosphatidylcholine (diPhy-PC). The frequency of channel openings increases with the applied voltage gradient. We investigated the molecular and structural mechanisms underlying this voltage dependence. A series of seven peptides, each containing a tryptophan substituted for a single residue in the middle heptad, was synthesized, purified, and incorporated into small, unilamellar, diPhy-PC vesicles. We measured circular dichroism, maximum fluorescence emission wave-lengths, and fluorescence quenching by both aqueous and lipid hydrocarbon-associated quenchers. Circular dichroism spectra and the observed sequence periodicity of all fluorescence and fluorescence quenching data are consistent with an alpha-helical peptide secondary structure. Energy transfer quenching measurements using N-terminally labeled (LSSLLSL)3 co-incorporated at lipid/peptide ratios greater than 100 into vesicles with one of the Trp-substituted peptides showed that the vesicle-associated peptide, in the absence of a voltage gradient across the bilayer, exists as an equilibrium mixture of monomers and dimers. Static fluorescence quenching measurements using different lipid-bound quenchers indicate that the helical axis of a representative lipid-associated peptide is, on average, oriented parallel to the surface of the membrane and located a few angstroms below the polar head group/hydrocarbon boundary. This surface orientation for the peptide is confirmed by the complementary sequence periodicity observed for Trp fluorescence emission wavelength shifts and collisional quenching by aqueous CsCl.(ABSTRACT TRUNCATED AT 250 WORDS)